The intermediates of the glycolytic pathway were investigated in erythrocytes of children with Down's syndrome and the results achieved were compared with those obtained from healthy children of the same age. In the acid-soluble fraction obtained from the erythrocytes, the levels of the intermediates of the glycolytic pathway were determined. The adenine and guanine nucleotides, coenzymes, and inorganic phosphate (Pi) and some other intermediates were examined. The adenine nucleotides: adenosine 5'-monophosphatc (AMP), adenosine o'-diphosphate (ADP), adenosine o'-triphosphate (ATP) and the guanine nucleotide: guanosine fZ-triphosphate (GTP) were determined. The nicotinamide adenine dinueleotide (NAD) and nicotinamide adenine dinueleotide phosphate (NADP), two glycolytic pathway coenzymes, were examined. Hexose diphosphate (HDP) and 2 ,3-diphosphoglyceric acid (2,3-DPG) were tested.
result of nutritional disturbances or are caused by the incidence of a population of atypical erythrocytes.
Introduction
Two kinds of karyotype aberration have been described in Down's syndrome [11] . Trisomy G is most frequently found, whereas translocation is found less frequently. The object of investigation of many authors has been the interdependence between chromosomal anomalies and the changes in metabolism [1, 2, 3, 6, 7, 14, 15] . In children with trisomy G, an increased activity of creatine phosphokinase [15] , cholinesterase [1] and enolase [1] has been observed in serum. In erythrocytes, an increased activity of galactose-1-phosphate uridyl translerase [3, 10] , a threefold increase of glucose-6-phosphate dehydrogenase activity [7, 14] , and a 50% rise of phosphohexokinase [1] have been observed. Baikie el al. [1] have demonstrated that the concentration of adenosine 5'-triphosphate (ATP) is slightly reduced in erythrocytes.
Rosner el al. [14] state that the increase in glucose-6-phosphate dehydrogenase activity has not been observed in children with unbalanced chromosomal translocation.
This increase in the glucose-6-phosphate dehydrogenase activity seems to be a characteristic enzymatic disturbance in the erythrocytes of children with Down's syndrome and trisomy G in the karyotype. One can assume that, in children with trisomy G, the Embden-Meyerhol'-Parnas glycolytic pathway beginning with glucose-6-phosphate may not function normally. This may lead to a decrease in the production of ATP. The sole source ol ATP in erythrocytes is anaerobic glycolysis. This problem seemed interesting enough to warrant investigations on the determination of ATP and of the intermediates and coenzymes of the glycolytic pathway.
Materials and Methods
Fifteen children, nine with Down's syndrome, were examined. The karyotype was determined in all the patients. For this purpose, lymphocytes ot the peripheral blood were cultured according to the method given by Moorhead et al. [9[ . In the mongol group, trisomy G was found in seven children, and in two, brother and sister, unbalanced G/G translocation was found. The mother and younger sister of the two with the unbalanced G/G translocation have a balanced On the basis of this study, unbalanced 21/22 translocation was diagnosed in patients examined by the authors. The control group consisted of six health) children whose karyotype was normal. In all of the children examined, blood morphology and hematocrit value were determined. The amount of nudeotides and coenzymes was closely related to the hematocrit values determined previously. All of the patients examined were Caucasian. On the basis of the analysis of the karyotype, the patients were divided into three groups: group I, seven children with Down's syndrome and trisomy G in the karyotype; group II, two children with Down's syndrome and unbalanced 21/22 translocation in the karyotype; and group III, six children with a normal karyotype. The children in groups I and // did not have any other ailment apart from Down's syndrome symptoms. The caloric nutritional value was approximately the same as in the control group. The sex, age, and other information concerning the patients are presented in Table I . A total of 600 tests was performed.
Heparinized venous blood, 11 ml, was collected from each patient for the purpose of carrying out biochemi-cal investigations. The blood was collected at a given time when the patient was fasting. Additionally, the sedimentation rate was determined and the hematocrit was found twice on a high-speed hemaiocrit centrifuge [17] . The blood was stored for 1 hr at a temperature of + 1° until the beginning of the true biochemical investigations in the mongol group and in the control group. Next, the total erythrocyte mass was obtained from 10 ml of the blood by centrifugation in a refrigerated centrifuge [18] .
The methods for the isolation of the erythrocytes and the technique for obtaining the acid-soluble fraction have been given in a previous article by the authors [6] . If traces of hemolysis of the blood were observed, the test was discarded. The compounds contained in the acid-soluble extract from the erythrocytes were separated by the method of Hurlbert et al.
Results
The chromosomal analysis of children with Down's syndrome demonstrated trisomy G in seven and unbalanced G/G translocation, "centric fusion type," in two (siblings). The chromosomal aberration affected all of the cells investigated and no anomalies were found in the remaining chromosomes. The sex chromosomes correspond to the phenotype sex.
The karyotype of the healthy children was normal. The results of the cytogenetic tests are given in Table  I . The blood morphology of the children with Down's syndrome did not differ greatly from the morphology of the control group. In particular, reticulocytosis was not observed in any of those investigated.
The following fractions were separated from the acid-soluble extract obtained from the erythrocytes of the children investigated: adenosine 5'-monophosphate (AMP), adenosine 5'-diphosphate (ADP), adenosine 5'-triphosphate (ATP), guanosine 5'triphosphate (GTP), nicotinamide adenine dinucleotide (NAD), nicotinamide adenine dinucleotide phosphate (NADP), inorganic phosphate (Pi), hexose diphosphate (HDP) and 2,3-diphosphoglyceric acid (2,3-DPG). Moreover, taking into consideration the known order of elution of the investigated compounds in this chromatographic system, peaks A and D were identified as cytidine derivatives, and peak I was identified as uridine diphosphoglucose (UDPG). The results obtained for the children with Down's syndrome are given in Table II and for the healthy children in Table III. Table IV presents data for the children with unbalanced G/G translocation (siblings). The average values of phosphate esters in erythrocytes of mongols with trisomy G, of those with unbalanced G/G translocation. and of the healthy children are given in Table V . Figure 1 depicts the chromatographic distribution of the phosphate esters isolated from erythrocytes of children with Down's syndrome and trisomy G. Figure  2 represents the amounts of the compounds in mongols with unbalanced G/G translocation. The results obtained from the control group of children of the same age and sex are given in Figure 3 .
Discussion
When the nucleotide and coenzyme contents of the acid-soluble fraction obtained from erythrocytes of children with trisomy G are compared with those of the control group, several differences may be observed. NADP as well as Pi was observed. Of the ndenine Special attention should be drawn to a considerable nucleotides, only the ADP content did not show any fall of the ATP content, which amounted to about change, whereas the amount of AMP increased twohalf its normal value [12, 13, 16] . The 2,3-DPG content fold. The guanine nucleotide concentration was also also decreased by about 50%; on the other hand, the higher than in the control group. and the pentose cycle [8] . Because of this, the red cell is a suitable model for investigating glucose metabolism disturbances. Both of these carbohydrate pathways are necessary for the process of ATP synthesis. Our investigations are not concerned with the direct determination of enzyme activity, but with the quantitative changes in concentrations of nucleotides and intermediates. These changes permit the indirect evaluation of enzyme activity. The results of our investigations may suggest two kinds of mechanisms which disturb the synthesis of ATP.
The first mechanism depends upon disturbances of the pentose cycle. The investigations of Rosner et al. [14] have shown that, in children with trisomy G, the glucose-6-phosphate dehydrogenase activity is considerably increased. The rise in the concentration of NADP, the coenzyme of this dehydrogenase, has been demonstrated in our experiments. This observation is in agreement with the results of Rosner et al. [14] and it seems to confirm the possibility of an increased production of 6-phosphogluconic acid. This would suggest an increased turnover of the pentose cycle in children with trisomy G.
The second possible mechanism which would explain the decrease of the ATP content would be partial inactivation of the enzymes. Our unfinished investigations on the activity of the enzymes of the discussed pathway do not permit the precise location of the disturbance which may concern the dehydrogenase of glyceraldehyde-3-phosphate. The ATP synthesis in Down's syndrome with unbalanced G/G translocation was normal in the cases investigated. This is in agreement with the results of Rosner et al. [14] , who did not observe any increased activity of glucose-6-phosphate dehydrogenase in mongoloid children with unbalanced translocations.
A genetic interpretation of the biochemical disturbances in children with Down's syndrome is difficult. The results of our investigations and the communications of other scientists [14, 15] show that there are biochemical differences between patients with trisomy G and those with unbalanced chromosomal translocation. Finding these biochemical differences in the face of the great similarity of the phenotype [11] is a further difficulty in giving the genetic interpretation. It does not seem possible to explain the biochemical differences by a slight loss of genetic material when the centric fusion type of translocation takes place.
The biochemical anomalies observed in the patients with trisomy G may be explained by the interference with genetic balance, especially the induction and repression processes [2, 5] . Considering the results of the authors' investigations, it can only be said that the gene loci affect the regularity of the course of glycolysis in the erythrocytes of children with unbalanced G/G Fraction Fig. 3 . The chromatographic distribution of the phosphate esters isolated from erythrocytes of children of the same age and sex in the control group.
translocation to the same degree as in healthy children. In patients with trisomy G, the genetic regulation of this process is disturbed.
Su?n?nary
Applying the continuous gradient column chromatography method, some intermediates of the glycolytic pathway in acid-soluble extracts of erythrocytes from children with Down's syndrome were isolated and determined.
In children with trisomy G, as compared with the control group, a marked decrease in ATP, the 2,3-DPG content, and higher concentrations of AMP, GTP, NAD, XADP, Pi, and HDP were noticed. The concentration of ADP was the same as in the control group. In the siblings with unbalanced G/G translocation, a slight decrease in the ATP content was observed, and the 2,3-DPG level was just as low as in the mongoloid children with trisomy G.
